Trichosporon asahii (Trichosporon beigelii) infections are rare but have been associated with a wide spectrum of clinical manifestations, ranging from superficial involvement in immunocompetent individuals to severe systemic disease in immunocompromised patients. We report on the recent recovery of T. asahii isolates with reduced susceptibility in vitro to amphotericin B (AMB), flucytosine, and azoles from six nongranulocytopenic patients who exhibited risk factors and who developed either superficial infections (four individuals) or invasive infections (two individuals) while in intensive care units. The latter two patients responded clinically and microbiologically to AMB treatment. All six isolates were closely related according to random amplified polymorphic DNA studies and showed 71% similarity by amplified fragment length polymorphism analysis, suggesting a common nosocomial origin. We also review the literature pertaining to T. asahii infections and discuss the salient characteristics of this fungus and recent taxonomic proposals for the genus.
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Trichosporon infections are associated with a wide spectrum of clinical manifestations, ranging from superficial cutaneous involvement in immunocompetent individuals to severe systemic disease in immunocompromised patients (9, 44) . Trichosporon asahii (Trichosporon beigelii) has increasingly been described as an opportunistic pathogen involved in disseminated infections in patients with profound granulocytopenia (9, 11, 26) . Less commonly reported risk factors associated with infections caused by this agent include treatment with immunosuppressive drugs, transplantation, AIDS, extensive burns, and the presence of implanted prosthetic devices (9, 11, 14, 20, 24, 27, 29) .
Trichosporon species were the most common non-Candida cause of fungemia at a national cancer institute (23) . Disseminated Trichosporon infections in immunocompromised patients are frequently fatal, despite therapy with amphotericin B (AMB) (9, 44, 46) . This antifungal agent has been shown to have a limited in vitro effect against Trichosporon species. In contrast, azoles have been demonstrated to have in vitro activity against members of this genus and their use has been associated with favorable responses in animal models (2, 3, 9, 27, 31, 32, 45, 46) .
We report on the recent recovery of T. asahii isolates resistant in vitro to AMB and azoles from six nongranulocytopenic patients who developed either invasive or superficial infections while hospitalized in different intensive care units (ICUs). We describe the demographic and major clinical characteristics of these patients and review the literature pertaining to T. asahii infections. Results from molecular biology-based studies based on random amplified polymorphic DNA (RAPD) and amplified fragment length polymorphism (AFLP) analyses suggest that the isolates recovered from specimens of these six patients were closely related. In addition, we discuss the salient characteristics of this fungus and recent taxonomic proposals for the genus.
MATERIALS AND METHODS
Case reports. The demographic and major clinical characteristics of the six patients who developed T. asahii infections in ICUs are presented in Table 1 .
(i) Patient 1. A 57-year-old woman with a history of non-insulin-dependent diabetes mellitus (NIDDM), chronic renal failure, and chronic obstructive pulmonary disease was admitted to an internal medicine ICU with acute respiratory failure secondary to a respiratory infection. In addition, the patient had acute renal failure with metabolic acidosis. She was placed on mechanical ventilation and peritoneal dialysis and was treated with intravenous ceftriaxone and erythromycin. Her hospital course was subsequently complicated by upper gastrointestinal bleeding and respiratory infection with Acinetobacter baumannii, which was treated with ceftazidime followed by imipenem. On day 16, she developed a spiking fever with purulent peritonitis. Culture of the peritoneal fluid yielded T. asahii. Treatment with AMB was instituted upon receipt of laboratory results indicating the recovery of a fungus in culture. The patient responded to the administration of AMB and removal of the peritoneal dialysis catheter with resolution of the fever; there was no recurrence of the fungal infection.
(ii) Patient 2. A 45-year-old man with a history of NIDDM was admitted to a general ICU following multiple penetrating trauma sustained in a vegetable market accident which resulted in rib fractures with pneumohemothorax and pulmonary contusion. The patient was placed on mechanical ventilation, and vasopressors were administered. During the first 2 weeks after admission he suffered from recurrent respiratory infections with gram-negative bacteria, for which he received piperacillin-tazobactam and imipenem. Multiple cultures inoculated with urine specimens obtained between days 21 and 42 yielded T. asahii. In addition, on day 21 the patient was noted to have numerous necrotic skin nodules. True hyphae, pseudohyphae, and blastoconidia were microscopically observed in Cellufluor (Polysciences, Inc., Worthington, Pa.)-stained sections of a specimen of one of the skin lesions obtained by biopsy on day 35. A culture inoculated with portions of this skin biopsy specimen yielded T. asahii and Candida parapsilosis. No other active focus of infection was identified, and a diagnosis of systemic T. asahii infection was made. The patient was treated with AMB for 2 weeks, with general improvement and resolution of the fever and cutaneous lesions.
(iii) Patient 3. A 70-year-old man with a history of NIDDM, hypertension, and ischemic heart disease was admitted to a neurosurgical ICU with left temporal bone fracture, brain contusion, and left hemiparesis following head trauma. The patient was placed on mechanical ventilation and treated by use of hyperventilation, mannitol, and furosemide. He experienced recurrent respiratory infections and intravenous catheter-associated sepsis, which were treated with broadspectrum antibiotics (vancomycin, piperacillin-tazobactam, and cefepime) and total parenteral nutrition. Cultures of urine specimens collected on days 14 and 21 were positive for T. asahii. He had concurrent respiratory bacterial infection and C. parapsilosis candidemia, for which he was treated with AMB. There was no evidence of systemic T. asahii involvement.
(iv) Patient 4. A 76-year-old woman with a history of peripheral vascular disease and chronic atrial fibrillation was admitted to a general ICU with intraventricular hemorrhage following head trauma. A ventriculostomy was performed, and mechanical ventilation was started. The patient was subsequently transferred to a neurosurgical ICU, where she suffered from recurrent aspiration pneumonia and pressure sores with bacteremia. She was treated with gentamicin and cloxacillin, followed by ceftazidime and metronidazole. A culture of a urine specimen collected on day 21 was positive for T. asahii and Candida glabrata. No clinical findings compatible with systemic infection were present. The patient was not treated with antifungal drugs, and subsequent cultures yielded only bacterial pathogens.
(v) Patient 5. A 70-year-old man with a history of NIDDM, hypertension, and ischemic heart disease was admitted to a neurosurgical ICU in a comatose state following spontaneous cerebellar hemorrhage. He underwent craniotomy and was placed on mechanical ventilation and total parenteral nutrition. After a temporary improvement he developed a respiratory infection due to Pseudomonas aeruginosa and Klebsiella pneumoniae that was treated with piperacillintazobactam and later with imipenem. His condition deteriorated, with development of acute respiratory distress syndrome and severe metabolic acidosis. On day 9, a culture of a single urine specimen grew T. asahii. P. aeruginosa continued to be recovered in concurrent cultures of respiratory specimens and subsequent cultures of urine specimens. On day 18, the patient died of bacterial sepsis with multiorgan failure and disseminated intravascular coagulation.
(vi) Patient 6. An 80-year-old man with a history of chronic atrial fibrillation and anticoagulation treatment was admitted to a neurosurgical ICU with acute subdural hematoma following a head injury. He was treated with fresh frozen plasma and hydantoin, was placed on mechanical ventilation, and underwent gastrostomy for feeding. An initial respiratory bacterial infection and intravenous catheter-associated sepsis were treated with ciprofloxacin and clindamycin. Multiple cultures inoculated with urine specimens collected between days 14 and 54 of his hospitalization were all positive for T. asahii. He had concurrent respiratory, urinary, and systemic bacterial infections, which responded to broad-spectrum antibiotics. There was no evidence for systemic T. asahii infection.
Patients 1 and 2 were epidemiologically unrelated, as they had no contact with each other, came from different cities, and were admitted to ICUs located in separate hospitals, and there was no contact between them. Patients 3 to 6 developed asymptomatic T. asahii mucosal colonization in the same neurosurgical ICU, with patients 3 to 5 hospitalized in that ICU during the same month.
Microscopic examination, isolation, and identification. Preparations from the skin biopsy specimens were mounted on glass slides in a solution containing Cellufluor (Polysciences, Inc.), KOH, and glycerol and were examined microscopically by epifluorescence microscopy (34) .
Yeast isolates were recovered from peritoneal fluid specimens (patient 1), portions of a skin biopsy specimen (patient 2), and urine specimens (patients 2 to 6) after 48 h of incubation at 30°C on Emmons' modified Sabouraud glucose agar (SGA) supplemented with 50 g of chloramphenicol per ml and 5 g of gentamicin per ml. A single colony recovered from each specimen was then transferred from SGA to CHROMagar Candida medium (CHROMagar, Paris, France), incubated at 30°C, and examined for colony color after 24 and 48 h. In addition, selected colonies of each isolate were transferred to fresh SGA and maintained at 30°C. Furthermore, each patient's isolate was deposited in the culture collection of the Centraalbureau voor Schimmelcultures (CBS) Fungal Biodiversity Center, Utrecht, The Netherlands (see Table 2 for the hospitals' internal accession numbers and CBS's accession numbers). Finally, the type strain of T. asahii (strain CBS 2479) was obtained from the same culture collection.
Colonies from 48-h SGA cultures were evaluated for (i) sensitivity to cycloheximide, as determined by their growth on Mycosel agar (BBL, Cockeysville, Md.); (ii) growth at 37, 42, and 45°C on SGA; (iii) urease activity on Christensen's urea medium; (iv) carbohydrate and nitrogen assimilation patterns by means of API ID 32C and the API 20C AUX yeast assimilation systems (bioMérieux, Marcy l'Etoile, France); and (v) in vitro antifungal susceptibility testing by the Etest (AB Biodisk, Solna, Sweden) and National Committee for Clinical Laboratory Standards (NCCLS) methods (30) . Conidial morphology and ontogeny on cornmeal-Tween agar (Difco Laboratories, Detroit, Mich.) slide cultures were examined microscopically after 7 to 10 days of incubation at 30°C. All the clinical isolates are maintained in the CBS culture collection (Table 2) .
In vitro antifungal susceptibility testing by Etest method. The in vitro antifungal susceptibilities of the T. asahii isolates were determined with the Etest system (AB Biodisk) according to the manufacturer's instructions. The agar formulations used in these studies consisted of (i) RPMI 1640 medium (Sigma, St. Louis, Mo.) supplemented with 1.5% agar and 2% glucose and buffered to pH 7.0 with 0.165 M morpholinepropanesulfonic acid buffer (MOPS; Sigma) for the (12) for Trichosporon spp. These tests involved the use of filter-sterilized solutions of 0.2 ml of RPMI 1640 broth medium (Sigma) buffered to a final pH of 7.0 with 0.165 M MOPS (Sigma) and 1 M NaOH and inoculated with 10 4 cells per ml. For tests involving AMB, the RPMI 1640 medium was supplemented with 2% glucose. The microtitration plate for each test was incubated at 35°C for 48 h. The MIC was defined as the lowest drug concentration that resulted in complete inhibition of visible growth.
Molecular diagnosis and DNA relatedness. Identification of the isolates was based on the sequencing of the D1/D2 domain of the large-subunit ribosomal DNA and of the internal transcribed spacer (ITS) regions in the ribosomal DNA, performed as described by Fell et al. (13) . The DNA relatedness of the isolates was based on RAPD and AFLP analyses. The RAPD analysis used primers M13, GTG5, OPA2, and OPA4, as described by Boekhout et al. (5) . The patterns of the individual primers were compared and summarized in one overall classification scheme. In addition, AFLP studies were conducted as reported by Boekhout et al. (6) , except that in addition to the selective primer EcoRI-AC [FAM] , the less selective primer EcoRI-A [FAM] in combination with primer MseI-G was also used. Data were analyzed with the Bionumerics software package (version 1.01; Applied Maths, Kortrijk, Belgium) using the whole densitometric curve of the fingerprint. Similarity values were calculated using the pairwise Pearson's product-moment correlation value (35) .
RESULTS
Culture results. White to cream-colored, folded colonies with low white aerial hyphae were recovered on SGA plates inoculated with the isolates from the six patients. Initial microscopic examination of portions of these colonies, as well as slide cultures, demonstrated round to oval, budding yeast-like cells and true hyphae forming cylindrical arthroconidia. The overall micro-and macroscopic appearances were consistent with those for members of the genus Trichosporon. The isolates formed rough, blue colonies on CHROMagar Candida. They grew on SGA at 30 and 37°C but not at 45°C, showed resistance to cycloheximide on Mycosel agar, and hydrolyzed urea on Christensen's medium. Excellent T. asahii identification profiles were obtained with the API 20C AUX and API ID 32C yeast assimilation test systems (biocodes of 6744774 and 7757675227, respectively).
Diagnosis and DNA relatedness by molecular biology-based methods. D1/D2 and ITS sequence analysis showed that the sequences of both of these regions in isolates P-0116, P-0148, P-0221, P-0791, and P-8869 (see Table 2 for the sources of the isolates) were the same as those of the type strain of T. asahii, strain CBS 2479 (GenBank accession numbers AF105393 and AY055381). RAPD analysis based on four primers (primers M13, GTG5, OPA2, and OPA4) resulted in clustering of the isolates into two closely related groups, i.e., type 1, composed of isolates P-0116 and P-0221, and type 1A, containing isolates P-0148, P-8869, and P-0791 (isolate P-9164 was not studied by (30) . RAPD analysis). The results of AFLP analysis showed good correlations with the data obtained by RAPD analysis. By AFLP analysis with the selective primer EcoRI-A [FAM] , RAPD type 1A isolates P-0148, P-8869, and P-0791 formed a tight cluster with 95% similarity (Fig. 1) . These isolates also clustered by AFLP analysis with the more specific primer, primer EcoRI-AC [FAM] (data not shown). The isolates of type 1 by RAPD analysis (isolates P-0221 and P-0116) and isolate P-9164 were more divergent by the AFLP analysis. However, the AFLP binding patterns of isolates P-0116 and P-9164 were 81% similar.
Antifungal susceptibility. The MICs of six antifungal drugs for the T. asahii isolates obtained by Etest method are presented in Table 2 . As indicated, the isolates had reduced in vitro susceptibilities to AMB, flucytosine, and the azoles. Similar results were obtained when the NCCLS broth microdilution test was conducted ( Table 2 ). In contrast, the type strain was sensitive to AMB (MICs, 0.125 mg/liter by the Etest and 0.25 mg/liter by the NCCLS method; Table 2 ). In addition, the fluconazole MIC for this strain was relatively high (32 mg/liter by the Etest and 16 mg/liter by the NCCLS procedure). However, we found that fluconazole MICs were higher for our clinical isolates (48 to 128 mg/liter by the Etest and 32 to 64 mg/liter by the NCCLS procedure; Table 2 ).
DISCUSSION
On the basis of the excellent identification profiles obtained by tests with the API ID 32C and API 20C AUX systems, the isolates' colony and microscopic morphologies, and the D1/D2 sequences of the large-subunit ribosomal DNAs, we identified the fungi recovered from the patients' specimens as T. asahii. Patients 1 and 2 developed invasive T. asahii infections with purulent peritonitis and systemic dissemination, respectively, whereas the other four patients had superficial mucosal colonization without evidence of systemic involvement. T. asahii is occasionally found in nature and can be recovered as a soil saprobe or from leaf litter (39) . This species has been isolated from various types of clinical specimens from immunocompromised patients, including blood, skin biopsy, and urine specimens (9, 21, 22, 29, 41) . Invasive infection with T. asahii is frequently associated with granulocytopenia and impaired phagocyte function (9, 41, 44) . Factors that enhance mucosal colonization and subsequent invasion of Trichosporon species include broad-spectrum antibiotic treatment and breaks in mucosal barriers (7, 9, 26, 45) . Thus, the pathogenesis of Trichosporon infection in the ICU setting may be similar to that of the more commonly observed Candida infection. Indeed, all six patients exhibited common risk factors such as trauma, prolonged mechanical ventilation, the presence of indwelling catheters, prior bacterial infections, and the use of broad-spectrum antibiotics. Of note, four of the patients suffered from diabetes mellitus, known to be associated with impaired leukocyte function. Although the clinical isolates were not all clonally related, a common nosocomial origin is suggested by their close relatedness according to RAPD analysis and their near similarity (71%) by AFLP analysis (Fig. 1) .
T. asahii is the binomial in use for the species previously referred to as T. beigelii in descriptions of human mycoses. In 1992, Gueho et al. (15, 18) proposed significant taxonomic revisions for the genus Trichosporon. Subsequently, Sugita and colleagues (38, 40) expanded upon the proposals of Gueho et al., describing 17 species and five varieties within the genus. Of these species, six have been associated with different types of human infections (17, 38, 40) : T. asahii and Trichosporon mucoides are involved in deep-seated infections, Trichosporon asteroides and Trichosporon cutaneum are found in superficial infections, and Trichosporon ovoides and Trichosporon inkin are involved in white piedra of the head and genital area (17, 19, 38, 40) . Recently, comparative sequence analysis has suggested that these six medically relevant species can be readily identified by their ITS sequences in the ribosomal DNA, as determined by sequencing of PCR-amplified fragments. In addition, these studies demonstrated that conspecific strains have less than 1% nucleotide differences in the ITS regions (40) .
Isolates recovered from specimens of the six patients were found by RAPD analysis to be closely related to each other. Results from the more sensitive AFLP analysis showed some differences in the isolates' banding patterns depending on the number of primers used in the studies. However, there was still a 71% similarity among the strains. Interestingly, patients 5 and 6, whose isolates (isolates P-0148 and P-0791, respectively) showed 97% similarity ( Fig. 1) , were hospitalized at the same time in the neurosurgical ICU of the same hospital.
It is clear from our results and from data in the literature (4, 8, 47 ) that the Etest is an acceptable method for determination of the antifungal susceptibilities of yeasts. Susceptibility studies of Cryptococcus neoformans, which is also a basidiomycete, have shown a good correlation (Ͼ 80%) between the results obtained with the Etest and by the NCCLS microdilution method (1, 8) . Since similar comparative studies have not been conducted with T. asahii, we used both methods in our studies. Furthermore, data from recent papers demonstrated that elevation of the concentration of glucose from 0.2 to 2% in the RPMI 1640 medium optimized the growth of C. neoformans and was essential in distinguishing AMB-resistant and AMBsensitive isolates of this yeast (1, 47) . Therefore, the susceptibilities of our isolates to AMB were measured on glucosesupplemented RPMI 1640 medium.
All the clinical isolates in our study had reduced susceptibilities to AMB, flucytosine, and azoles (Table 2 ). There are only limited data in the literature regarding the susceptibilities of T. asahii isolates to antifungals. McGinnis et al. (28) showed that while T. asahii strains exhibited reduced susceptibilities to AMB (MICs, 1 to 4 mg/liter), they were susceptible to itraconazole and fluconazole (MICs, 0.125 to 1 and 0.5 to 4 mg/liter, respectively). The fluconazole MICs for two T. asahii isolates recovered from esophageal biopsy specimens of two patients were found to be relatively high (20 mg/liter), and the isolates were also resistant to nystatin. However, unlike the isolates recovered from the patients in our study, they were susceptible to AMB and flucytosine (MICs, Ͻ1 and Ͻ10 mg/liter, respectively) (25) . A T. asahii strain isolated in cultures of blood from a patient who died from invasive trichosporonosis was found to be resistant to AMB in vitro (MIC, 2 mg/liter), but unlike our isolates, it was susceptible to fluconazole and itraconazole (MICs, 1 and 0.25 mg/liter, respectively) (10). Other reports did not distinguish between the different species of the T. beigelii group and were therefore not suitable for comparison.
The emergence of T. asahii isolates with reduced suscepti-bilities to common antifungal drugs is a matter for concern. While resistance to AMB is common among Trichosporon species (9, 16, 28, 42, 45, 46) , this is only the second report, to the authors' knowledge, of strains with reduced susceptibilities to AMB, flucytosine, and azoles. Although T. cutaneum isolates recovered from nine patients with fungemia were recently reported to be resistant to antifungal antibiotics, only one was resistant to both AMB and azoles (22) . However, the MICs for the latter isolate were much lower than those for the T. asahii isolates described in this report. Furthermore, in contrast to our patients, the AMB-and azole-resistant T. cutaneum strain was isolated from a patient previously treated with azoles, which might suggest drug-induced resistance. While the mechanism of antifungal drug resistance in Trichosporon species is unknown, analysis of the isolates recovered in the present study could contribute to our understanding of the molecular basis of resistance. Increasing use of antifungal drugs in the ICU may lead to the selection and isolation of more resistant species in the future. To date, there are a paucity of data to correlate the clinical responses to and the in vitro activities of antifungal drugs, and the clinical significance of the results of in vitro susceptibility tests is not well established. Limited data suggest that the in vitro susceptibilities of Trichosporon species to the concentrations of azoles achievable in serum are associated with favorable clinical responses, even in neutropenic cancer patients whose granulocytopenia resolves (2, 9) .
The two patients who had invasive infections with drugresistant T. asahii responded clinically and microbiologically to AMB treatment and removal of the catheter. This emphasizes the importance of the patient's basic immune status in determining the outcomes of such infections. Furthermore, one should bear in mind that AMB might have modulatory effects on the immune system by upregulating the expression of proinflammatory cytokines and activating the mononuclear cells (37, 43) . Hence, in vitro resistance to antifungal drugs may not be critical in immunocompetent patients, who may overcome the infection when the precipitating cause (e.g., a catheter) is removed, even if only partial inhibition of fungal growth is achieved through the use of antifungal drugs. However, immunocompromised patients may be dependent on fungicidal drug activity, so that infection with multidrug-resistant Trichosporon species may be catastrophic in this population.
